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TITLE OF THE INVENTION 

VIBRATION COMPENSATION APPARATUS 

5 FIELD OF THE INVENTION 

The present invention relates to a vibration 
compensation apparatus, preferably used in. Inter 
alia, an Image sensing apparatus, for compensating 
10 vibration caused by uncontrollable hand movements 
or the like affected on an apparatus to which the 
vibration compensation apparatus is mounted. 

BACKGROUND OF THE INVENTION 

Conventional image sensing apparatus, such 
as a video cameras , have been automated and 
equipped with variety of functions including auto 
exposure (AE) functions and auto focus (AF) 

20 functions, which make it easy to obtain an image 
of good quality. 

Further, an image sensing apparatus has been 
down-sized and its optical system has achieved a 
high magnification. At the same time, because of 

25 these developments, vibration of an image sensing 
apparatus became a major cause of degradation of a 
sensed image. To overcome this vibration problem. 
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a variety of types of vibration compensation 
functions for compensating blur in a sensed image 
due to vibration (e.g., shaking of hands) of an 
image sensing apparatus have been proposed. By 
5 equipping such vibration compensation function in 
an image sensing apparatus, a better image can be 
easily obtained. 

A compensation apparatus equipped with this 
kind of vibration compensation function that 
10 detects vibration of the apparatus based on 
information from an angular velocity sensor, 
acquires a vibration compensation signal by 
processing the detected vibration, and optically 
or electrically compensates the blur in a sensed 
15 image affected by, for example, uncontrollable 
hand movements. 

Conversely, angular velocity sensors have 
also been down-sized along with the recent down- 
sizing of image sensing apparatus. It is proposed 
20 to package two sensors into one sensor to further 
achieve down -sizing. 

If the two sensors are packaged into one 
sensor, although the volume of the sensor is 
reduced, freedom of a mount position of the sensor 
25 is limited* More specifically, since axes 

(vibration detection axes, or detection axes) of 
two angular velocity sensors have to be orthogonal. 
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the packaged sensor has to be mounted on a 
predetermined plane and the detection axes are 
required to be more precisely aligned so as to be 
parallel to corresponding compensation axes. 
5 The aforesaid problem will be explained In 

more detail with reference to Figs. 8A and 8B. In 
Fig. 8A, reference numeral 1001 denotes an angular 
velocity detector having two angular velocity 
detection axes. Reference numerals 1011 and 1012 
10 respectively denote the angular velocity detection 
axes . 

The angular velocity detector 1001 has to be 
laid out on. a plane 1021 which is orthogonal to an 
optical axis 104 of an image sensing optical 

15 system 150 as shown in Fig. SB, since the angular 
velocity detection axes 1011 and 1012 have to be 
orthogonal to the optical axis 104. 

Further, although it is not shown in Figs. 
8A and 8B, a typical vibration compensation unit 

20 for compensating vibration of image sensing 

apparatus also has two axes (compensation axes) 
which correspond to the two detection axes 1011 
and 1012, and it is necessary to align the angular 
velocity detector 1001 and the vibration 

25 compensation unit so that the detection axes 1011 

and 1012 match the corresponding compensation axes. 
Thus, freedom of layout of the angular 
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velocity detector 1001 Is more limited than 
arranging two sensors Individually. 

SUMMARY OF THE INVENTION 

5 

The present Invention has been made In 
consideration of the above situation, and has as 
Its object to lower restrictions In mounting an 
angular velocity detector which detects angular 
10 velocities along two orthogonal detection axes. 

According to the present Invention, the 
foregoing object Is attained by providing a 
vibration compensation apparatus comprising: 

an angular velocity detector that detects a 
15 plurality of angular velocities In two orthogonal 
detection axes directions, and outputs 
corresponding angular velocity signals; 

a compensation unit that compensates 
vibration In a plurality of compensation axis 
20 directions; and 

a conversion unit that converts the 
plurality of angular velocity signals obtained by 
the angular velocity detector or a plurality of 
vibration compensation signals based on the 
25 plurality of angular velocity signals Into 

vibration compensation signals expressed In the 
coordinates of the compensation axes of the 
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compensation unit , 

wherein the compensation unit compensates 
the vibration based on the vibration correction 
signals converted by the conversion unit. 
5 According to the present Invention, the 

foregoing object Is also attained by providing a 
vibration compensation method using an angular 
velocity detector which detects a plurality of 
angular velocities In two orthogonal detection 

10 axes directions, and outputs angular velocity 

signals, and a compensation unit which compensates 
vibration In a plurality of compensation axis 
directions, comprising: 

converting the plurality of angular velocity 

15 signals obtained by the angular velocity detector 
or a plurality of vibration compensation signals 
based on the plurality of angular velocity signals 
into vibration compensation signals expressed in 
the coordinates of the compensation axes of the 

20 compensation unit; and 

compensating the vibration by controlling 
the compensation unit based on the converted 
vibration compensation signals. 

Other features and advantages of the present 

25 invention will be apparent from the following 
description taken in conjunction with the 
accompanying drawings, in which like reference 
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Characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The accompanying drawings , which are 
Incorporated In and constitute a part of the 
specification. Illustrate embodiments of the 
Invention and, together with the description, 
10 serve to explain the principles of the Invention. 

Fig. 1 Is a block diagram of an Image 
sensing apparatus according to a first embodiment 
of the present Invention; 

Figs . 2A and 2B show an example of a 
15 vibration compensation unit; 

Fig. 3 Is an explanatory view for explaining 
shifting of an optical axis for vibration 
compensation when a variable apical angle prism Is 
used; 

20 Fig. 4 Is a block diagram showing a basic 

structure of a control circuit for driving and 
controlling the variable apical angle prism; 

Figs. 5A and 5B are explanatory views for - 
explaining conversion operation from a detection 

25 coordinate system to a compensation coordinate 
system according to the first embodiment of the 
present Invention ; 
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Fig. 6 Is a block diagram of an Image 
sensing apparatus according to a second embodiment 
of the present Invention; 

Fig. 7 shows an example of a configuration 
5 of a coordinate conversion circuit; and 

Figs . 8A and 8B are explanatory views for 
explaining an arrangement of an angular velocity 
detector. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present 
Invention will be described In detail In 
accordance with the accompanying drawings . 

15 <Flrst Embodlment> 

Fig. 1 shows a configuration of an Image 
sensing apparatus according to an first embodiment 
of the present Inventions. In the first embodiment, 
after an angular velocity signals are corrected by 

20 a coordinate conversion circuit for Inclination 

amounts of an angular velocity detection axes with 
respect to vibration compensation axes, vibration 
compensation processing Is performed. 

Referring to Fig. 1, reference numeral 1001 

25 denotes an angular velocity detector having two 
orthogonal angular velocity axes and comprising 
angular velocity sensors such as, inter alia. 
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vibration gyros. Two angular velocity sensors 1 
and 1 ' are packaged In the angular velocity 
detector 1001, with the angular velocity detection 
axes of the angular velocity sensors 1 and 1 * 
5 being orthogonal to each other. The angular 
velocity detector 1001 Is mounted on an Image 
sensing apparatus main body, such as a camera, 
which has a vibration compensation function to 
detect vibration of the apparatus as angular 

10 velocities. In such a manner that the two angular 
velocity detection axes are orthogonal to an 
optical axis of the Image sensing apparatus. 

Reference numerals 2 and 2 ' denote DC cut 
filters which cut direct current (DC) components 

15. of the angular velocity signals outputted from the 
angular velocity sensors 1 and 1 ' , and pass 
alternate current (AC) components. I.e., the 
vibration components. As the DC cut filters 2 and 
2', high-pass filters (HPF) which cut signal 

20 components having frequencies less than a 
predetermined frequency may be used. 

Reference numerals 3 and 3 ' denote 
amplifiers which amplify the angular velocity 
signals outputted from the DC cut filters 2 and 2 ' 

25 to proper signal levels and output them. 

Reference numerals 4 and 4' denote A/D 
converters which convert the analog angular 
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velocity signals outputted from the amplifiers 3 
and 3' Into digital signals and output them. 

Reference numeral 11 denotes a coordinate 
conversion circuit which corrects errors caused by 
5 discrepancy In alignment between the detection 
axes of the angular velocity detector 1001 and 
compensation axes of vibration compensation units 
10 and 10'. The details of the coordinate 
conversion circuit 11 will be deiscrlbed later. 

10 Reference numerals 5 and 5 ■ denote HPFs 

capable of changing their cut-off frequencies 
within an arbitrary frequency band. The HPFs 5 and 
5* cut low frequency components included in the 
digital angular velocity data outputted from the 

15 A/D converters 4 and 4', and output the result. 
Reference numerals 6 and 6 ' denote 
integrators capable of changing their 

characteristics within an arbitrary frequency band. 

The integrators 6 and 6' integrate angular 
20 velocity data respectively outputted from the HPFs 

5 and 5 ' and output the integrated values as 

angular displacement data. 

Reference numerals 7 and 7' denote pan/tilt 

judging units which judges panning and tilting 
25 operations on the basis of the angular velocity 

data outputted from the A/D converters 4 and 4* 

and the angular displacement data outputted from 
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the integrators 6 and 6'. The pan/tilt Judging 
units 7 and 7' then perforin panning or tilting 
control as described below in accordance with the 
levels of the angular velocity data and the 
5 angular displacement data. 

If the angular velocity data is equal to or 
larger than a predetermined threshold value, or if 
the angular displacement data, that is the 
integrated value of the angular velocity data, is 

10 equal to or larger than a predetermined value when 
the angular velocity data is smaller than the 
predetermined threshold, the pan/tilt judging 
units 7 and 7 ' determine that panning or tilting 
is in progress, and perform panning or tilting 

15 control. 

In the panning or tilting control, the cut- 
off frequencies of the HPFs 5 and 5' are shifted 
to higher frequencies to change their 
characteristics so that the vibration compensation 

20 systems of the vibration compensation units 10 and 
10' do not respond to low frequency components. 
Then, time constants which determine the 
integration characteristics of the integrators 6 
and 6" are gradually decreased, thereby the 

25 vibration compensation positions of the vibration 
compensation units 10 and 10' are gradually move 
to the center of a moving areas . Thus , the values 
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of the angular displacement data accumulated In 
the integrators 6 and 6 ' gradually approach 
reference values (values which can be obtained 
when no vibration Is detected) • 
5 The collection of the angular velocity data 

and the angular displacement data is continued 
during the panning or tilting control is performed^ 
and when the panning and/or tilting ends (namely, 
when both of the angular velocity data and the 

10 angular displacement data become smaller than the 
respective threshold values), the cut-off 
frequencies of the HPFs 5 and 5' are shifted to 
lower frequencies, and the time constants used for 
integration operation in the integrators 6 and 6 ■ 

15 are increased, thereby widening a vibration 

compensation range. Thus, the cut-off frequencies 
of the HPFs 5 and 5' and the time constants of the 
integrators 6 and 6 ' are reset to the original 
values, and the panning or tilting control is 

20 stopped. 

Reference numerals 8 and 8* denote D/A 
converters which convert the angular displacement 
data outputted from the integrators 6 and 6 ' into 
. analog signals and output them. 

25 Reference numerals 9 and 9' denote driving 

circuits which drives the vibration compensation 
units 10 and 10' so as to compensate the vibration 
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on the basis of the analog angular displacement 
signals outputted from the D/A converters 8 and 8'. 

Reference numerals 10 and 10* denote the 
vibration compensation units, and. Inter alia, an 
5 optical compensation mechanism which cancels out 
vibration by shifting the optical axis Is used. 
The optical compensation mechanism has an optical 
vibration compensation system using. Inter allct, a 
variable apical angle prism (VAP), and changes the 
10 apical angle of the VAP driven by the driving 
circuits 9 and 9' to shift the optical axis of 
Incident light on an Image sensing surface, 
thereby optically compensates vibration on a 
sensed Image. 

15 Figs. 2A and 2B are explanatory views for 

explaining an example of the vibration 
compensation units 10 and 10* shown In Fig. 1. In 
the example shown In Fig. 2A and 2B, a variable 
apical angle prism (VAP) 100 is used and a voice 

20 coil type actuator 110 is used as a driving system, 
and the changed amount of the apical angle of the 
VAP 100 is detected by an encoder 120. The 
detected result of the encoder 120 is fed back to 
the actuator 110 the driving system, thereby a 

25 control system which configures a closed loop for 
controlling the driving amount of the VAP 100 is 
realized . 
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First, the VAP 100 will be described in 
detail. In the configuration of the VAP 100 shown 
in Figs. 2A and 2B , reference numerals 101 and 
101' denote plane glasses facing to each other; 
5 102, a high-refractive material comprising 

transparent elastic body or non-active liquid 
having high-refractive characteristics (index of 
refraction: n) ; and 103, a sealer, such as a resin 
film, for elastically encapsulating and sealing 

10 the high-refractive material 102 from its 

periphery. The sealer 103 which encapsulates and 
seals the high-refractive material 102 is 
supported by the plane glasses 101 and 101*. 
Reference numeral 104 shown in Fig. 2A denotes a 

15 path of light which is orthogonally incidents on 
the plane glass 101, passes through the high- 
refractive material 102, and exits from the plane 
glass 101 " . 

Fig. 2A shows a state in which the pair of 

20 plane glasses 101 and 101' are held in parallel. 
In this state, the light path 104 is orthogonally 
incident on the plane glass 101, passes through 
the high-refractive material 102, then 
orthogonally exit from the plane glass 101'. 

25 In contrast. Fig. 2B shows a state in which 

the plane glass 101" is tilted by the voice coil 
type actuator 110. In this state, the optical axis 
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Is bent, and an optical prism Is formed by tbe 
pair of plane glasses 101 and 101' and the hlgh- 
refractlve material 102. Therefore, the path 104' 
of light which Is orthogonally Incident on the 
5 plane glass 101 Is refracted when the light exits 
from the plane glass 101' comparing to the light 
path 104 when the plane glasses 101 and 101' are 
parallel as shown In Fig. 2A. 

Referring to Fig. 2B, the state of light 

10 path 104' when the plane glass 101' of the VAP 100 
Is tilted by an angle a with respect to the plane 
glass 101 Is explained In more detail. The light 
which Is orthogonally Incident on the plane glass 
101 Is refracted by an angle 4) = (n-1) a and 

15 outputted as Indicated by the light path 104'. The 
refraction angle Is derived based on the same 
principle of a wedge shaped prism. In other words, 
the light path 104' bends by the angle (|). It Is 
assumed that the Index of refraction n Is close to 

20 that of a glass. 

Next, correction of the optical axis when 
the above-described VAP 100 Is used Is explained 
with reference to Fig. 3. In Fig. 3, 101' -A shows 
a state where the plane glass 101' Is parallel to 

25 the plane glass 101 (the state shown In Fig. 2A) , 
and 101 '-B shows a state where the plane glass 
101' is tilted with respect to the plane glass 101 
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(the state shown In Fig. 2B) . 

Reference numeral 150 denotes an Image 
sensing optical system; 161, an Image sensing 
device, such as a CCD, which photoelectrlcally 
5 converts Incident light Into electric signals and 
outputs them; 162, a camera signal processor which 
converts the electric signals output from the 
Image sensing device 161 Into Image signals 
conforming to, for Instance, NTSC standards; and 
10 163, a storage device for storing the Image 
signals* 

In the state 101' -A In which the plane glass 
101* Is parallel to the plane glass 101 as shown 
In Fig. 3, the light path 104 goes straight to an 

15 Image forming surface of the Image sensing device 
161 through the Image sensing optical system 150. 

In contrast. In the state 101 In which 
the plane glass 101' Is tilted with respect to the 
plane glass 101, the apical angle formed by the 

20 pair of plane glasses 101 and 101' Is changed, 

which causes the change of the light path 104 to 
the light path 104". The bent light path 104' Is 
formed on the Image forming surface of the image 
sensing device 161 as In the case of state 101' -A 

25 via the Image sensing optical system 150. 

As described above, shift of the object 
(shift of the optical axis) due to vibration of 
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the Image sensing apparatus can be optically 
compensated. 

Next, the actuator 110 Is explained with 
reference to Figs. 2A and 2B. In the structure of 
5 the actuator 110 shown In Figs. 2A and 2B, 
reference numeral 111 denotes a yoke; 112, a 
magnet; 113, a coll; and 114, an arm which 
transmits driving torque. With this configuration, 
a voice coll type actuator capable of changing the 

10 apical angle of the VAP 100 by supplying electric 
current to the coll 113 Is formed. 

In the structure of the angular displacement 
encoder 120 for detecting a tilt (displacement of 
the apical angle, namely, angular displacement) of 

15 the plane glass 101' of the VAP 100, reference 
numeral 121 denotes a silt for detecting the 
angular displacement of the VAP 100, which Is 
coupled with the arm 114 of the actuator 110 and 
rotates as the plane glass 101* of the VAP 100 

20 tilts, thus the position of the silt 121 moves. 
Reference numeral 122 denotes a light emit diode 
(LED); 123, a position sensing detector which 
detects the position of the silt 121 In 
cooperation with the LED 122, thereby the 

25 displacement of the apical angle of the VAP 100 Is 
detected. 

Next, a basic structure and operation of the 
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control circuit for controlling and driving the 
VAP 100 are explained with reference to a block 
diagram shown in Fig. 4. In Fig. 4, reference 
numeral 131 denotes an amplifier; 132, a driving 
5 circuit for driving the actuator 110 based on the 
output from the amplifier 131; and 133, an adder 
which adds a vibration compensation signal 
(angular displacement signal) 134 and a angular 
displacement signal 135 outputted from the angle 

10 change encoder 120 after changing the sine of one 
of the two signals, and outputs the sum to the 
amplifier 131. 

The control system having the foregoing 
configuration operates so that the vibration 

15 compensation signal 134 obtained by the 

configuration as described above and the angular 
displacement signal 135 outputted from the encoder 
120 become equal. Therefore, the VAP 100 is driven 
so that the vibration compensation signal 134 

20 matches the angular displacement signal 135, and 
the plane glass 101' of the VAP 100 is controlled 
to move to a control target position (i.e., to 
make a control target apical angle). 

Although it is not shown in Fig. 4 for the 

25 simplicity sake of the figure, another set of 
driving circuit, encoder, and control circuit 
having the same functions as those described above 
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are provided in the direction perpendicular to the 
driving direction of the VAP 100, thereby 
correction in the right-left direction can be 
realized in addition to the correction in the up- 
down direction as described above in accordance 
with the vibration detection signals in the right- 
left and up-down directions with respect to the 
optical axis . 

Next, conversion operation performed by the 
coordinate conversion circuit 11 is explained with 
reference to Figs. 5A and 5B. In Fig. 5A, axes 201 
and 202, arranged perpendicular to each other, are 
of the vibration compensation system (referred to 
as "compensation axes" hereinafter). The 
arrangement of the compensation axes 201 and 202 
correspond to the arrangement of the vibration 
compensation units 10 and 10' as described above, 
and indicates that the vibration compensation unit 
10' is arranged to make 90 degrees with the 
vibration compensation unit 10. 

Axes 211 and 212, arranged perpendicular to 
each other, are axes of the angular velocity 
sensors 1 and 1' (referred to as "detection axes" 
hereinafter) . 

Respective axes indicate vibration detection 
amount and vibration compensation amount, and 
vibration can be compensated by making a vibration 
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correction vector equal to a vibration 
compensation vector . 

The detection axes 211 and 212 are arranged 
so as to substantially matcli the compensation axes 
5 201 and 202. The angular velocity signal detected 
in the direction of the detection axis (y) 211 
undergoes the af oredescribed process, then the 
vibration is compensated by the vibration 
compensation unit 10 having the compensation axis 
10 (Y) 201 based on the processed angular velocity 
signal. 

Assume that the angular velocity detector 
1001 and the vibration compensation units 10 and 
10' are fixed to the image sensing apparatus with 

15 the detection axes 211 and 212 and the 

compensation axes 201 and 202 making an angle 6 as 
shown in Fig. 5A. In such case, it would be 
understood that it causes a compensation error if 
the vibration compensation units 10 and 10' are 

20 operated using vibration compensation signals, 
which are detected in the coordinates of the 
detection axes and then has undergone merely 
conventional signal processing, because a vector 
expressed in the coordinate system of the 

25 vibration detection axes 211 and 212 do not match 
a vector expressed in the coordinate system of the 
compensation axes 201 and 202. 
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The coordinate conversion circuit 11 Is 
provided for canceling the compensation error, and 
performs the following vector conversion operation 
to convert Input angular velocity signals "x" and 
5 "y" to compensation signals "X" and "Y". This 
vector conversion operation realizes proper 
vibration compensation . 

X = xcosB - yslnS ^(1) 
Y = ycos6 + xslnB —(2) 
10 9 Indicates a tilt angle of the detection 

axes with respect to the compensation axes, and 
positive In the clockwise direction and negative 
In the counter-clockwise direction. 

Next, the foregoing operations are described 
15 In more detail with reference to Fig. 5B. Fig. 5B 

Is an enlarged view of a part 301 shown In Fig. 5A, 
and the detection axes 211 and 212 are tilted by 9 
degrees with respect to the compensation axes 201 
and 202 as described above. 
20 Assume that pitch (vibration In the vertical 

direction) Yl Is applied to the Image sensing 
apparatus. A scalar part of a vibration detection 
vector y In the pitch direction of the angular 
velocity sensor 1 mounted with the angle 0, namely 
25 the angular velocity signal y. Is expressed as 
follows : 

y = YlcosO 
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Similarly, a scalar part of the vibration 
detection vector x in the yaw direction of the 
angular velocity sensor 1 ' , namely the angular 
velocity signal x, is expressed as follows: 
5 X = Ylsine 

In order to obtain vibration compensation 
amounts from the detected vibration amounts, a Y 
axis component of the detection vector y in the 
pitch direction and the a Y axis component of the 
10 detection vector x in the yaw direction are to be 
added. 

The Y axis component of the vibration 
detection vector y in the pitch direction, yP, is 
expressed as follows: 
15 yP = y X cose = Ylcos^O 

The Y axis component of the vibration 
detection vector x in the yaw direction, xP, is 
expressed as follows: 

xP = X X sine = Ylsin^e 
20 AY axis component Phi of the vibration 

correction vectors y and x is the sum of above, 
thus. 

Phi = yP + xP 

= ycosO + xsinO .-(3) 
25 is obtained. This is the same as the equation (2). 
In the above described case. Phi = Yl is 
known, thus. 
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Phi = yP + xP 

= YKcos^e + sin^e) 
= Yl 

This proves that the equation (3) Is correct.. 
5 Similarly, a vibration compensation vector 

Yhl In the yaw direction of the compensation axes 
202 Is obtained In accordance with the following 
equation (4). In the example shown In Fig. 5B, the 
direction of an X component of the vector y Is 

10 negative In the X-Y coordinate system. It Is dealt 
as a negative component In the scalar operation. 
Therefore, the following equation Is obtained: 

Yhl = -yslnO + xcosO .-(4) 
Thus, the same equation as equation (1) Is 

15 obtained. 

By performing the operation expressed by the 
equations (1) and (2) by the coordinate conversion 
circuit 11, It Is possible to correct the error 
caused by the discrepancy In alignment between the 

20 detection axes 211 and 212 of the angular velocity 
sensors 1 and 1* and the compensation axes 201 and 
202 of the vibration compensation units 10 and 10'. 

As described above, when an angular velocity 
detector which detects angular velocities In the 

25 two perpendicular detection axes direction Is used, 
if the angular velocity detector is tilted on a 
mounted plane with respect to a vibration 
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compensation system. It Is possible to correct the 
error caused by the tilt. Thus, requirement for 
mounting the angular velocity detector can be 
loosened. 

5 The tilted angle 6 between the detection 

axes and the compensation axes can be obtained by 
mechanically measuring the angle. As for another 
method of obtaining the angle 6, let the output 
from one gyro sensor obtained when an angular 
10 velocity ix Is applied to a compensation axis 

corresponding to the other gyro sensor be p , then 
the value p can be obtained by the following 
equation: 

P = aslne 

15 wherein 9 Is the tilted angle between the vibration 
detection unit and the vibration compensation unit. 

The tilted angle 6 may be stored In a 
storage unit within the coordinate conversion 
circuit 11. 

20 Further, the vibration compensation unit 

according to the embodiment Is assumed to be an 
optical correction unit, however, the present 
Invention Is not limited to this. A so-called 
electronic vibration compensation system that 

25 . compensates the vibration affecting a sensed Image 
by controlling read out timing of the Image 
sensing device may be used Instead . 
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Alternatively, a system which compensates 
the vibration by controlling image write/read 
timing of a sensed image to/from a memory when the 
image output from an image sensing device is read 
5 out to the memory may be used* 

< Second Embodiment > 

Fig. 6 shows the configuration of an image 
sensing apparatus according to the second 
embodiment of the present invention. In Fig. 6, 

10 the same elements as those shown in Fig. 1 are 
referred to by the same reference numerals , and 
explanations are omitted. 

As shown in Fig. 6, the coordinate 
conversion circuit 11 is arranged in the 

15 downstream of the integrators 6 and 6 ' . By 

arranging in this manner, a dynamic range of a 
signal required by the coordinate conversion 
circuit 11 can be narrower than that required in 
the arrangement of the first embodiment, it is 

20 possible to reduce the data length to be dealt 

with by the coordinate conversion circuit 11. This 
is due to an operation of the pan/tilt judging 
units 7 and 7', and the characteristics of the 
HPFs 5 and 5 ' are changed in accordance with the 

25 panning or tilting control as described above, and 
the values accumulated in the integrator 6 and 6 ' 
are limited. Therefore, by arranging as described 
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In Fig. 6, It Is possible to shorten the data 
length to be dealt with by the coordinate 
conversion circuit 11, thereby improving the 
operation processing speed. 
5 <Thlrd Embodiment > 

In the third embodiment, an example that an 
operation performed in the coordinate conversion 
circuit 11 is simplified is explained with 
reference to Fig. 7. Fig. 7 is a block diagram 

10 showing an Internal configuration of the 

coordinate conversion circuit 11. Reference 
numerals 311 and 312 are input terminals of 
vibration detection signals, and angular velocity 
signals which are multiplied by predetermined 

15 values are Inputted. 

Reference numerals 313 and 314 are output 
terminals of vibration compensation signals, and 
signals undergone the coordinate conversion 
(tilted amount correction) described in the first 

20 embodiment are output ted. 

Reference numeral 301 denotes a storage unit 
such as a memory; and 302 a look-up table (LUT). 
The storage unit 301 stores address data 
indicative of addresses of the data stored in the 

25 LUP 302. LUT 302 outputs the data corresponding to 
the address stored in the storage unit 301. In the 
third embodiment, it is assumed that data is 
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arranged ±n two columns, and thus data 303 and 304 
are simultaneously output ted. 

The data is arranged such that values of 
sln6 and cosO are stored in pairs for the 
5 respective 0 . For example , different addresses are 
assigned to the different angles, and each address 
contains a result of the sine operation in data 
column 1 and a result of the cosine operation in 



10 



data column 


2 as In the 


following 


table 1 


[Table 1] 








Address Angle ( degrees ) 


sin 


cos 


0 


-10 


-0. 174 


0.985 


1 


-9 


-0. 156 


0.988 


2 


-8 


-0. 139 


0 - 990 


3 


-7 


-0. 122 


0.993 


4 


-6 


-0. 105 


0.995 


5 


-5 


-0.087 


0.996 


6 


-4 


-0 . 070 


0 . 998 


7 


-3 


-0.052 


0 . 999 


8 


-2 


-0.035 


0.999 


9 


-1 


-0.017 


1.000 


10 


0 


0 . 000 


1 . 000 


11 


1 


0.017 


1.000 


12 


2 


0 . 035 


0 . 999 


13 


3 


0.052 


0 . 999 


14 


4 


0 . 070 


0.998 
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15 5 0.087 0.996 

16 6 0.105 0.995 

17 7 0.122 0.993 

18 8 0.139 0.990 
5 19 9 0.156 0.988 

20 10 0.174 0.985 



Referring to Fig. 7, the data 303 and 304 
carry the values of the selected results of sine 

10 and cosine operations. Reference numerals 321 to 
324 denote multipliers; 325, an adder; and 326 a 
subtracter. The operations expressed In the 
equations (1) and (2) described In the first 
embodiment can be realized by the configuration 

15 shown in Fig. 7. 

Thus, according to the configuration of the 
third embodiment, the addresses to the LUT 302 are 
stored In the storage unit 301 In advance, and 
thus the sine and cosine values for an angle 

20 corresponding to a designated address are 

outputted without performing sine and cosine 
operations, the processing speed Improves . 
<Other Embodiment > 

In the first to third embodiment, the 
25 present Invention Is applied to an Image sensing 
device. However, the present invention can be 
widely applied to cases where angular velocity 
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detectors detect angular velocities In the two 
orthogonal detection axes, used together with 
vibration compensation devices. 

Further, the Invention can be Implemented by 
5 supplying a software program, which Implements the 
functions of the foregoing embodiments, directly 
or Indirectly to a system or apparatus, reading 
the supplied program code with a computer of the 
system or apparatus, and then executing the 
10 program code. In this case, so long as the system 
or apparatus has the functions of the program, the 
mode of Implementation need not rely upon a 
program. 

Accordingly, since the functions of the 
15 present Invention are implemented by computer, the 
program code Installed in the computer also 
Implements the present Invention. In other words, 
the claims of the present invention also cover a 
computer program for the purpose of implementing 
20 the functions of the present invention. 

In this case, so long as the system or 
apparatus has the functions of the program, the 
program may be executed in any form, such as 
object codes, a program executed by an Interpreter, * 
25 or scrip data supplied to an operating system. 

Example of storage media that can be used 
for supplying the program are a floppy disk, a 
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hard disk, an optical disk, a magneto-optical disk, 
a CD-ROM, a CD-R, a CD-RW, a magnetic tape, a non- 
volatile type memory card, a ROM, and a DVD (DVD- 
ROM and a DVD-R) . 

As for the method of supplying the program, 
a client computer can be connected to a website on 
the Internet using a browser of the client 
computer, and the computer program of the present 
Invention or an automatically-Installable 
compressed file of the program can be downloaded 
to a recording medium such as a hard disk. Further, 
the program of the present Invention can be 
supplied by dividing the program code constituting 
the program Into a plurality of files and 
downloading the files from different websites. In 
other words, a WWW (World Wide Web) server that 
downloads, to multiple users, the program files 
that Implement the functions of the present 
Invention by computer Is also covered by the 
claims of the present Invention. 

It is also possible to encrypt and store the 
program of the present invention on a storage 
medium such as a CD-ROM, distribute the storage 
medium to users, allow users who meet certain 
requirements to download decryption key 
information from a website via the Internet, and 
allow these users to decrypt the encrypted program 
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by using the key Information, whereby the program 
Is Installed In the user computer. 

Besides the cases where the aforementioned 
functions according to the embodiments are 
5 Implemented by executing the read program by 

computer, an operating system or the like running 
on the computer may perform all or a part of the 
actual processing so that the functions of the 
foregoing embodiments can be Implemented by this 

10 processing. 

Furthermore, after the program read from the 
storage medium Is written to a function expansion 
board Inserted Into the computer or to a memory 
provided In a function expansion unit connected to 

15 the computer, a CPU or the like mounted on the 
function expansion board or function expansion 
unit performs all or a part of the actual 
processing so that the functions of the foregoing 
embodiments can be Implemented by this processing. 

20 As many apparently widely different 

embodiments of the present Invention can be made 
without departing from the spirit and scope 
thereof, it is to be understood that the Invention 
is not limited to the specific embodiments thereof 

25 except as defined in the appended claims. 
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